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SUMMARY

Semiworks tests of the Multi-Purpose Processing Facility
(MPPF) Frame 4 were completed. The part of the Californium-I
process performed in this frame includes: (1) feed adjustment by
evaporation, steam stripping, and formic acid denigration, and
(2) separation of californium, berkelium, curium, and americium
from the lanthanide fission products by displacement-development
chromatography using rapid ion exchange (RIX-1). This report
describes these tests and the modifications required to attain
intended frame performance. Highlights of the test results, some
of which necessitated minor design changea, are summarized belOw.

●

●

●

●

●

Transfer rates were satisfactory through all process paths
after minor equipment modifications. The top frit was replaced
in the l-inch-diameter RIX-I column (EP 10-3-13) to eliminate
excessive pressure drop which resulted during flow testing of
the empty (without resin bed) column.

The off-gaa exhaust (OGE) vent valve #465 in transfer line #505
between the dissolved cake tank (EP 10-19-9) and the evaporator
transfer tank (EP 10-1-5) was found to be incorrectly installed
downstream from line valve #464, instead of upstream as shown
on the piping diagram. This was corrected so that line #505
can be vented while the evaporator transfer tank ia evacuated.

Vent valve #444 in transfer line /)133between the RIX-I feed
tank (EP 10-3-1) and the evaporator transfer tank (EP 10-1-5)
was found to siphon the contents of the feed tank into the dump
tank (EP 10-3-3). The siphon was eliminated by replacing valve
#444 with a rupture disc.

The spare dipleg line #SP 201 from the evaporator transfer tank
(EP 10-1-5) was found to siphon the contents from the transfer
tank when the cap was removed from the nozzle on the panel
board. The siphon was eliminated by evacuating the transfer
tank before removing the cap from the nozzle.

Calibration of the liquid-level float mechanism for the evap-
orator transfer tank (EP 10-1-5) was not reproducible when the
transfer tank was evacuated. Air inleakage at the connection
unions was shown to affect the liquid level reading. The prob-
lem, which was not eliminated by tightening the unions, has not
yet been resolved satisfactorily.

-7-



● Sampler fill and recirculation rates were aatiafactory.*

● Off-gaa flow rates at a vacuum of O.1 inch of water met or
exceeded design requirements for diluting radiolytic hydrogen
in all vesaela.

● Chemical runs simulating actual flowaheet conditions indicated
satisfactory equipment performance and run times.

BACKGROUND

The part of the Californium-I process that is performed in
Frame 4 is shown in Figure 1. For feed adjustment, about 50 liters
of Cf-I solution are transferred from the 17.3E canyon evaporator
to the MFPF feed evaporator (EF 1O-1-8E) for each run, along with
20 liters of feed tank backcycle solution and about 3 liters of
Cm-Am-Eu overlap fraction from the recycle conversion step. Feed
preparation ia based on a batch containing about 150 mg of 252Cf
and about 2.2 moles of actinidea plus lanthanides. The feed batch
is evaporated to about 10 liters, steam stripped to about 4M HN03,
denigrated to about lM HN03 with formic acid, treated with NaN02,
and then diluted to 20 liters in the RIx-I feed tank. The feed ia
passed through the 4-inch-diameter RIX-I column by displacement
from the feed tank with 60 liters of deionized water. The RIX-I
columns contain Dowex@ 50w-x8 (Dow Chemical Co.) cation-exchange
resin previously saturated with Zn2+ barrier ion before each
run. The californium, berkelium, curium, and americium are sepa-
rated from the lanthanide fiaaion products by displacement devel-
opment chromatography with O.05M diethylenetriaminepentaacetic
acid (DTPA) buffered to pH 6.0 with NH40H.

Figure 2 ia a photograph of the half-scale model from which
the frame waa constructed. Figures 3 and 4 are front-right and
front-left views of the completed frame. EP numbers and capaci-
ties of the equipment
also liata references
proceaa arrangement.

TEST PROCSDURSS

The test Drogram

on Frame 4 are listed in Appendix A, which
to detailed drawinga of the equipment and

Coumrised (1) continuity. operability. and.-
hydraulic checks with wat~r, (2)“specificequ;pment testing; and
(3) cold chemical runs with synthetic, nonradioactive process
solution.

-8-
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FIGURE 1. Frame 4 Schematic Flow Diagram
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FIGURE 2. Half-Scale Model of Frame 4
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FIGURE 3. Front-Right View of Frame 4
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TESTS WITR WATER

Continuity, operability, and hydraulic characteristics of
each process vessel and line were tested with filtered, deionized
water. Specific items investigated are listed below:

●

●

●

●

●

●

●

●

●

Lines into Vessels: all lines into vessels, with the exception
of the off-gas and evacuation jet lines, were tested by flowing
water into the vessel by pump, gravity, or vacuum transfer.

Thermowells: satisfactory operation of thermocouples in all
vessels containing thermowells was verified by heating water in
each vessel.

Samplers: each sampler was operated to verify that its recir-
culation rate was acceptable.

Vacuum Transfer: all vacuum transfer systems were tested to
ensure adequate evacuation capacity.

Cooling and Heating Water: flow of cooling and heating water
to equipment with jackets or coils was measured.

High Pressure Lines: all lines and equipment that operate
under high pressure were tested at pressures up to 1000 psig
to ensure adequate flow capacity.

Evaporator: the evaporator was tested to determine its boilup
rate and to verify that the condenser will condense the off-gas
vapors. The boilup rate and the minimum volume required for
heater operation were determined.

Rod-Out Ports: sufficient internal clearance of all rod-out
ports was verified.

%lllD : the frame SUIUDwas cleaned and calibrated. The s~rav-
do& line was operat~d to determine distribution coverag~ o;
the sump pan.

EQUIPMEWT TESTS

Specific pieces of equipment were tested in detail, includ-
ing extensive measurements of the venting capacity of each process
vessel.

-13-

k



COLD CRE141CALRUWS

Three full-scale evaporation, steam atripping, and denigra-
tion runs were made with nitric acid and formic acid. Three more
full-scale evaporation, steam stripping, and denigration runs were
made with nitric acid, formic acid, and added neodymium nitrate as
a stand-in for the actinide-lanthanide mixture present in a radio-
active feed.

Two full-scale chemical runs were made through the RIX-I
columns using dysprosium, terbium, gadolinium, europium, samarium,
and neodymium as stand-ins for the actInide-lanthanide mixture
present in radioactive feed.

TEST RSSOLTS

Teats with Water

Tranafer Ratea. Data from these teats are listed in
Appendix B. Cold feed dropa were made by gravity via 3/S-inch-
diameter polyethylene tubing from a bottle about 6 feet above the
rack deck. Measurements of vacuum transfer rates were started
after the transfer tank vacuum exceeded 20 inches of mercury.
Positive displacement pumps provided water flow through high pres-
sure lines and equipment. Transfer rates through all process
paths were satisfactory after minor Iuodifications. The tOp frit
of the l-inch-diameter RIX-I column (EP 10-3-13) was replaced
to eliminate the excessive pressure drop during flow testing of
the empty (without resin bed) column. The off-gaa exhaust vent
valve #465 in transfer line #505 between the dissolved cake tank
(EP 10-19-9) and the evaporator transfer tank (EP 10-1-5) waa
found to be incorrectly installed downstream from tranafer valve
#464, instead of upstream as shown on the piping diagram. The
purpose of vent valve #465 is to break the vacuum and ensure that
solution would not be transferred if the transfer valve #464
leaked. With the incorrect installation, the evaporator transfer
tank could not be evacuated with the vent valve open and the trans-
fer line could not be vented with the transfer valve closed. The
installation was corrected so that line #505 can be vented while
the evaporator transfer tank is evacuated.

Vent valve #444 in tranafer line #133 between the RIX-I feed
tank (EP 10-3-1) and the evaporator transfer tank (EP 10-1-5) was
found to siphon the contents of the feed tank into the dump tank
(EP 10-3-3). Vent valve #444 is located on the panel board below
the elevation of the feed tank. Evacuation of the feed tank
filled line #133 with liquid up to vent valve #444. Line 1)133
remained full of liquid after the feed tank vacuum was relieved.
Opening valve #444 siphoned the contents of the feed tank into the

-14-



dump tank. The siphon was eliminated by replacing valve #444 with
a rupture disc.

The nozzle for the spare dip line #SP 201 from the evaporator
transfer tank (EP 10-1-5) was found to siphon the contents from
the transfer tank when the cap was removed from the nozzle. The
nozzle is located on the panel board below the elevation of the
transfer tank. Evacuation of the transfer tank filled the line
with liquid up to the capped nozzle. The line remained full of
liquid after the vacuum was relieved in the transfer tank. Re-
moval of the cap from the nozzle siphoned the contents of the
transfer tank into the sump. The siphon was eliminated by evacu-
ating the transfer tank before removing the cap from the nozzle.

Sump Pan Flush Taat and Calibration. The effectiveness
of the Frame 4 pan flush system was tested with a water flow of
2.45 liters/minute at a supply pressure of 10 psig. Distribution
of flush water over the pan area was very poor; there were four
small separate streams flowing onto the pan instead of sprays
distributed uniformly over the entire pan. The waviness of the
pan created a low spot under the condensate tank (EP 10-1-10)
about l/8-inch deep and 3 feet in radius that collected liquid
which would not drain into the sump. The sump was filled to the
level of the pan with 5.39 liters of water at a sump liquid-level
reading of 2.95 inches. The pan was straightened and six more
holes were added to improve distribution of the flush over the pan
area.

The sump and pan surfaces were thoroughly cleaned. The sump
and pan volume were calibrated by adding measured amounts of water
and reading the liquid level manometer after each addition. The
calibration is shown in Figure 5.

Cooling Watar Flow Rates. Cooling water flow rates to ves-
sels with jackets or coils were measured (Table 1). Flow ratea
were highest when only one vessel jacket or coil was valved on at
a time. Flow rates decreased as each additional vessel jacket or
coil waa valved on. The decrease in flow is attributed to in-
creased pressure drop for water flow through the common supply
header.

Heating Water Flow Sate. Heating water flows through the
jackets of the four RIX-I columns in series, entering the bottom
of the 4-inch diameter column and exiting from the top of the
l-inch column. The heating water flow rate was measured for
several supply pressures (Table 2).

-15-
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TA8LE1

CoolingWaterFlowRates

Li10Zlrr3WterLQp2yF2cw88tE3,I.@n,to
9Jpply supplySIX-Imap. Ccdeneer SIX-IFed ‘lk 82X-IWaste2k Cf82X-IFunlk

, m, 1o-1-8 1*1-9 lC-31 lC-3-2U M-+1
zL_— am #% m #55 am W CURw m w

33.7 35 14.3 —— — —

29.0 36 11.9 11.1 — — —

31.3 36 10.0 9.3 8.7 — —

30.0 36 8.8 8.1 7.8 5.9 —

33.0 39 7.7 7.0 6.4 5.1 7.5

31.5 39 8.7 8.0 7.4 5.7 8.4

%8 36 13.5 —— — —

31.0 36— 12.7 — — —

31.0 36—— lz .0 — —

32.5 36——— 9.5 —

30.0 36——— — 12.5

TASLE2

HeatingWaterFlowRates

supply supply not Water supply Flow to
Pressure, Temp, RIX-IColumnJackets
psig ‘c HWR #52,L/rein

32.5 91.5 10.8

31.1 91.1 10.5

27.2 90.3 10.0

22.3 91.0 9.1

20.1 90.7 8.4
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Equipment Tests

Evaporator Liquid-Level Calibration. The accuracy of the
lower range of the RIX-I feed adjustment evaporator (EP 1O-1-8)
volume calibration was verified by addition of small measured
amounts of water. The liquid level was read after each addition
and the indicated volume was determined from the calibration. The
discrepancy between the measured volume and the indicated volume
ranged from -2.2% to +8.0% for volumes between 1,25 liters and
15.25 liters (Table 3).

Samplers. The recirculation rate of each sampler was
measured by running tubing from the short sample needle into
a graduated cylinder containing deionized water (Figure 6) and
meaauring the time required to remove a given volume of water from
the graduate. Actual sampling rates (flow from tank to sampler)
were measured by installing a large sample bottle (Figure 7) and
measuring the time required to fill the sample bottle with a known
volume of deionized water from the tank. Sampler fill and recir-
culation rates are summarized in Table 4.

The volume of air bleed was so excessive when the bleed line
was uncapped that no sample could be obtained. Various size Ori-
fices to limit the air bleed rate were tested and the results are
shown in Table 5.

The sampler was operable with orfice slzea from 0.0135 to
0.0469 inch; the O.0312-inch-orifice was selected for all samplers
and proved to be satisfactory during all subsequent testa.

Veaael Off-Gea Exhauat System. Figure 8 ahOws a schematic
of the Frame 4 veaaal off-gaa aystern. This system is designed to
pull enough purge air through the overflow linaa of tanka to
diluta radiolyrically evolved hydrogan to leas than 4.0 vol %, the
lower explosive limit of hydrogen in air. Tha system must alaO
have enough capacity to remove internally generated air, such as
from sparges and air jat exhauatera, In order to prevent expelling
air and fumes from any vessel via the overflow line. Off-gas
flows were meaaurad at varioua static pressures for varioua rates.
of internal air generation in the condanaate tank, RIX-I dump
tank, RIX-I waate tank, and Cf RIX-I run tank; results are shown
in Appendix C. The design requirements for vessel off-gaa exhaust
flows (Table 6) were met or exceeded for all tanks at a vacuum of
0.1 inch of water; a vacuum of O.3 inch of water ia available on
the off-gaa exhaust header.

The RIX-I feed evaporator (EP 1O-1-8E) is vented through the
condenser (EP 10-1-9) by way Of a 2-inch schedule 40 stainlesa
steel line to the 4-inch Schedule 40 stainless ateel off-gas
exhauat header. Since the evaporator and condenser are a sealed
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TABLE3

Test of VolumeCalibrationof Evaporator

Cumulative volume PlantCalibration
of Added Water, L Liquid Level, inches VOlume,L

0.25 0.0 0.40

1.25 0.95 1.20

2.25 1.75 2.43

3.25 2.45 3.30

4.25 3.15 4.28

5.25 3.90 5.35

6.25 4.6o 6.5o

7.25 5.30 7.35

8.25 6.OO 8.25

9.25 6.7o 9.35

10.25 7.10 10.25

11.25 7.40 11.00

12.25 7.65 12.25

13.25 7.80 13.00

14.25 8.o5 14.13

15.25 8.20 15.50

Z Error

—

-4.0

+8.0

+1.5

+0.7

+1.9

+4.0

+1.4

0.0

+1.1

0.0

-2.2

0.0

-1.9

-0.8

+1.6
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TASLE 4

Sampler Fi11 and Recirculation Rates

Fill Rate,a Recirculation Rate,
Sampler mLlmin mL/mln

10-1-8E 625 250

1o-1-1o 750 194

10-3-20 1070 250

10-9-1 1500 218

a. With air bleed capped.

TABLS 5

Sampler Air Bleed Orfice Size

Orifice Size,
inches

None

0.0938

0.0625

0.0469

0.0312

0.0156

0.0135

Sample Volume,
&

<0.01

<0.01

<0.01

6

6

8

8.5
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TABLE6

3RIx-1DumIITank

EP 10-3-3

-h
RIx-1

WasteTank OGE = Off-Gas Exhaust

Sched 40 SS = Schedule 40
Stainless Steel

[P 10-3-20 Pipe

; Exhaust System for Frame 4 Vessels

Off-O.9sISxhauatFlow Requirement for Frame4 Vemaelm

InternalAirsupplied firFur*for
tovessel,scan Fdiolytic Oesign
TransferS.mple GasDilutkn, Ensis,

Vessel ——=ET!huberJet e S&a E&0

m-x Fkd EWp. 1O-I-6E 1.67 1.67 1.0 1.0 _a

Cmiensatelk. m-l-lo — 1.67 1.0 43.02 1.67

IuX-ILIMPlk. IC-3-3 — — 0.75 1.0 1.25

RIX-IWaste‘k. 10-3-20 — 1.67 3.0 0.53 3.75

W-I Cfml m. lo-v-l 1.67 1.67 0.75 43.02 1.67

a. Ta-hxh 6chedule4 stainleS8st&ltit li~ rWir~ tO~t 0ff_’3=k
denitraticmwithformiczsid.
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system, one scfm of purge air iS generated internally and its flOw
rate is independent of the exhaust system vacuum. Air flows up to
4.9 scfm paased through the system without difficulty.

The 3-inch Schedule 40 stainless steel exhaust header on
Frame 4 had a l/8-inch drain hole at the low point of the header.
The 0.3-inch-water static vacuum on the header pulled 0.13 scfm
of air in through the hole and prevented complete draining through
the hole when flush solution was added to the header. The l/8-inch
drain hole was replaced with a l/2-inch Schedule 40 etainless steel
drain line with a liquid seal to allow complete draining of the
header.

Minimum Volume Heater Operation. The minimum liquid level
and liquid volume required for operation of the electric heatera in
the RIX-I feed adjustment evaporator were determined by teets with
water (Table 7). The electric heaters are automatically shut off
by a heater high-temperature limit (>450”C) if insufficient liquid
is present to remove the heat. The minimum liquid level required
for operation after the liquid ie boiling is less than the minimum
liquid level required for startup when the liquid is cold or not
boiling. The minimum liquid level for cold startup decreases
slightly as the heater voltage is decreased. The minimum liquid
level if the liquid ia boiling increases slightly ae the heater
voltage ie decreased.

TASLE 7

Minimum Amount of Liquida for Operation
of Heaters in llIX-IFeed Evaporator

Automatic Shutoff Minimum Volume
Heater During Boildown For Startup

!!Q&Es Level, inches Volume, L Level, inches Volume, L

200 4.3 5.9 6.3

175 4.3 5.9 6.3

150 4.4 6.0 6.2

125 4.7 6.6 6.2

100 4.9 6.9 6.1

a. Determined with water.

8.8

8.8

8.5

8.5

8.4
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I

Heat Transfer to the Evaporator Cooling Coils. The heat
transfer rate of the evaporator pot cooling coils was measured by
heating 10 liters of water with the electric heatera at 200 volts
while cooling water flowed through the coils at 11 lltera/minute.
At steady etate, the inlet cooling water temperature was 38”C, the
outlet cooling water temperature waa 55.3”C, and the temperature
of the water in the evaporator pot waa 67”c. From these data, the
steady-state heat transfer rate was calculated to be 45,000 Btu/hr
and the over-all heat tranafer coefficient waa calculated to be
310 Btu/(hr)(”F)(ft2).

In a second teet, 55 liters of water was heated at 125 volts
while cooling with 8.8 literalminute of cooling water. The 55
litera of evaporator pot liquid was continuously aparged with
15 scfm of air. At steady state, the inlet cooling water tempera-
ture waa 35”C, the outlet cooling water temperature was 42.4”C,
and the temperature of the water in the evaporator pot waa 55.2”C.
From these data, the steady-state heat transfer rate was calcu-
lated to be 15,000 Btu/hr and the over-all heat transfer coeffi-
cient was calculated to be 106 Btu/(hr)(°F)(ft2).

Heat Tranafer to the Evaporator condenser. The heat trans-
fer rate of the RIX-I condenser EP 10-1-9 was measured by boiling
10 liters of water in the evaporator with total reflux of the

condensate back into the evaporator. Ten liters/minute of cooling
water was supplied to the condenser at an inlet temperature of 37”c,
with no air sparge or air purge to the evaporator. At steady state,
the outlet cooling water temperature was 52.9°C and the vapor tem-
perature of the off-gas at the condenser exit was 40.7”C. From
these data, the steady-state heat tranafer rate to the condenser
cooling water was calculated to be 45,160 Btu/hr; based on a log
mean temperature difference of 54.7°C and a heat transfer area of
8.65 ft2, the overall heat transfer coefficient was calculated
to be 53 Btu/(hr)(”F)ft2).

In a second teat, the boiling water in the evaporator was
sparged with 1 acfm of air, which paaaed through the condeneer
and out the off-gas exhaust exit. The cooling water inlet temper-
ature and flow rate remained the same as for the previoue teat.
At ateady state, the vapor temperature of the off-gae at the con-
denser exit increased to 42.5°C and the outlet cooling water tem-
perature decreased to 52.4”C. The resultant heat tranafer rate to
the condenser cooling water decreaaed alightly, to 43,740 Btu/hr.
The over-all heat transfer coefficient decreased slightly, to 51 0
Btu/(hr)(°F)(ft2). The air leaving the condenser at 42.5°C was
saturated with water vapor.

Cooling this saturated air to ambient temperature without
dilution with low-humidity air condensed some of the water vapor;
about 40 mL/hr of condensate was collected from a low-point drain
in the exhaust duct.
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Heat Transfer From Feed Tank. The heat transfer rate of
the cooling jacket was measured by pumping 2.4 liters/minute of
water at 95”C into the RIX-I feed tank. Heat was removed by
supplying 10.6 liters/minute of cooling water to the cooling
jacket at an inlet temperature of 35”C. At steady state, the
outlet temperature of the water from the jacket was 45°C and the
outlet temperature of the feed tank water was 57.5”C. From these
data, the heat transfer rate to the jacket cooling water was
calculated to be 25,000 Btu/hr; based on a log mean temperature
difference of 62°F and a cooling jacket heat transfer area of
~,65 ft2, the over-all heat transfer coefficient was calculated
to be 71 Btu/(hr)(°F)(ft2).

In a second test without any cooling water flowing through
the cooling jacket, 2.8 liters/minute of water at 96°C was pumped
into the feed tank. The steady-state outlet temperature was
86.5”C. The resultant heat transfer rate from the feed tank to
the ambient air was 6,296 Btu/hr; the overall heat transfer coef-
ficient was about 6 Btu/(hr)(°F)(ft2).

Pressure Drope Across Empty Ion-Exchange Cd- and Piping.
Pressure drops were measured for flow of filtered, deionized water
through each empty (no resin bed) RIX-I column and associated pip-
ing and valves (Table 8).

The very high pressure drop in both the downflow and upflow
directions through the l-inch column (EP 10-3-13) indicated a
severe flow restriction. Subsequent measurements showed that the
flow restriction was caused by a defective top frit, aa discussed
in the next section. The pressure drop for flow through the other
columns is somewhat higher than predicted for the empty columns
(see below), but is attributed to long lengths of piping and the
large number of valves in the process flow path.

Pressure Drops Across Empty Ion-Exchange Col- Only. The
columns were removed from Frame 4 and replaced with short pieces
of pipe. Each column was placed into the resin loading station
for flow testing of the filter frits in the resin retainer plates
st the top and bottom of each column.
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TABLE8

tkasurad Flow Pates and PressureDrops for
Empty Ion-Exchan8eCOIUMIISand AssociatedPipin8

ran_ mrectim
Qlkrm(s) ofmu— —

WaterFlu+ PresmReIhvp,
itute‘2hraaPlpfnganfRw’?.wve59e29IJudll F=*

c

3“

Y

3“

Y

2“

2

2“

2-

-r

2“

1“’

l“

1“

1’”

1“

1“’

2“

4“

3“

4“, Y

OxmfzLw

Rmfz’x

oxmf2041

Cmlflcu

mmfh

!hr!fZm

Dkmfzml

Dnmf2al

Lpf2w

L@fkn

@f2LW

Llpfzo,l

LWmflcsl

421,lC-32,424,W-3-I,426,442
1C-3-1O,401,E-3-D

421,KM-2, 423,427,445,467,
10-311,405,lC-3-2U

421,10-3-2,423,427,445,467,
10-311,432,1041

421,lC-32,425,427,445,467,
NH-II, 403,m-2kla

421,10-3-2,425,427,445,467,
u3-3-11,424,lc-+la

432,W-32, 429,447,469,
IC-312,4C6,IC-3Z2

432,K-3-2,429,447,469,
10-3-12,410,1041

429,10-2-2,429,U7, 469,
lc-3-12,439,lc-2kla

432,N->2, 429,447,469,
IC-3-12,406,D3-32J

432,lC-3-2,429,U7, 469,
M-3-12,4M, lc-5-la

432,10-3-2,429,447,469,
10-3-22,407,lc-19-la

432,lC-3-2,448,471,l&3-13,
414,m-2kla

432,NH-2, 448,471,1O-3-L3,
411,lC-3+U

432,10-3-2,448,471,10-323,
415,K-S-l

432,10+2, 448,471,10-3-13,
413,lo->la

432,10-32,403,471,10-313,
412,I@l’+la

432,10-3-2,433,431,K-3-13,
470,407,lC-lS-l$J

432,10-3-2,448,471,1*3-12,
470,10-3-12,468,w, 10-5-1

432,10-3-2,429,428,445,467,
466,lC-HO,442,426,K-31,
424,441,lC-%3

432,U3-3-2,429,447,469,468,
10-3-11,w, 401,lC-3-22

432,10-3-2,429,428,427,442,
1C-3-1O,4ffi,10-3-11,40s,10-3-20
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TABLE 8 (Cent’d)

I. E7C* m=tim
(Mum(s) ofF20#— .

u, 3-,2- bmf20J
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1‘“

1“

1“’

1“

1‘“
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1‘“
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TABLE8 (Cent’d)
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The maximum pressure drop for water flowing through both

frits in series (Table 9) was calculated by Equation 1, which
takes into account the porosity, thickness, and area of the frits:

APmax =

where APmax =

F-

a-

.

.

.

.

~F1.026 (1)

maximum pressure drop, psig

water flow at ambient temperature, liters/minute

a constant for each column

11.37 for 4-inch column

22.54 for 3-inch column

78.05 for 2-inch column

300.02 for l-inch column

TABLE 9

Calca2atedIlaximumPressureDropsfor
Empty Col= with W Rits i. 8erie8

Colutnn NmninalWater Calculated
~ Constant ‘“a”’ flow, L/dna mm.x, pig

4 “ 11.37 1.20 13.7

3 ‘“ 22.54 0.681 15.2

2 “ 78.05 0.305 23.1

1 “ 300.02 0.089 25.1

a. Eased on a flow of 16 ❑L/(min)(cm2).
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All RIX-I columns are disposable and must be replaced period-
ically by new columns. Only those new columns whose measured
pressure drops do not exceed the AP
will be accepted.

max values listed in Table 9

The maximum pressure drop for water flowing through a single
frit ia about half that calculated by Equation 1. Measured and
calculated preaaure dropa for empty columns containing only one
frit are compared in Table 10 for several flow ratea.

The data in Table 10 ahow that the previously mentioned
severe flow restriction of the l-inch column is in the top frit.
The top frit was replaced and the column was retested with down-
flow of filtered, deionized water through both frits. The results
(Table 11) show that the pressure drop acroes the l-inch column
was acceptable after the top frit was replaced.

Preaaure Drops Through Piping Only. Pressure drops were
meaeured for the flow of filtered, deionized water through the
piping and valves without the cnlumns (Table 12). The columns had
been removed for nff-frame testing of filter frits, as discussed
above, and had been replaced by short pieces of pipe.

Pressure Drope Across Resin-Loaded Ion-Exchange Columns. The
4-inch and 3-inch columns were loaded with 100 +20 micron Dowex@
50W-X8 (Dow Chemical Co.) cation-exchange resin; the 2-inch and
l-inch columns were loaded with 35 ~15 micron Dowex@ 50W-X8 resin.
Uniform particle sizes were obtained by hydraulic classification
of -200, +400 mesh reafn.

Each loaded column was then flow tested in tha resin loading
etation, conditioned with 0.5 M Zn(N03)2, and fluahed with water
before installation in Frame 4. Presaura dropa were maaaured dur-
ing flow testing and conditioning (Table 13).

The resin-loaded columns were then removed from the resin
loading station, installad in Frame 4, and flow-tested with fil-
tered, deionized water. Reeults are shown in Table 14.

The data in Tablea 13 and 14 show that the pressure dropa are
acceptably low. ‘he columns were nnw ready for the firat chemical
run following the temperature measurement described below.

Temperatures in Resin-Loaded Ion-Excbenge COlumne. Solutions
entering aach of the RIX-I columns must be praheated to about 70”C
for efficient operation. The columns are maintained at this tem-
perature by hot water flowing through the column jacketa. But the
process solution cools while flowing through the long, uninsulated
monitor loops between the outlet of one column and the inlet of the
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TABLE 10

Neasured Pressure Drop Cowared to Calcu2.stedMaximum
PressureDropforColumIIEwithOne Frit and No Resin

column Direction
Size Frit of Flow—— —

4“”

4“

4-

4“

4’”

4“

4‘“

4“

4“

4“

4“

4“

4’”

3“

3“’

3“

3“

3“

3“

3“

3“

3-

3“’

3“’

3“

3“

3‘“

3“

TOP Downflow

Top Downflow

TOP Downflow

Top Downflow

TOP Upflow

TOp Upflow

Top upflow

TOp Upflow

Top Upflow

Bottom Dwnf low

Bottom Downflow

Bottom Downflow

Bottom Downflow

Top Downflow

ToP Downflow

ToP Dwnf low

Top Downflow

ToP DowIIflow

ToP Upflow

ToP Upflow

Top Upflow

ToP Upflow

ToP Upflow

Bottom Downflow

Bottom Downf10W

BQttom Dovnflow

Bottom Downflow

Bottom Downflow

Water F1ow,
L/rein

2.0

1.4

0.9

0.5

2.8

2.35

1.3

1.35

0.63

2.25

1.45

1.15

0.58

2.6

2.18

1.6

1.o6

0.48

2.80

2.30

1.86

1.27

0.54

2.87

2.35

1.80

1.22

0.58

Measured Pressure
Drop, psig

220

205

170

104

26.5

20

14

10

5

27

22

14

7

80

76

58

36

12

30

22

14

4

3

23 to 30

20

16

10

5

Calculated

~rnax, Psi&

11.6

8.o

5.1

2.8

16.3

13.7

7.4

7.7

3.5

13.1

8.3

6.6

3.3

30

25.1

18.3

12.0

5.3

32.4

26.5

21.3

14.4

6.0

33.2

27.1

20.6

13.8

6.4
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TABLs 10 (Cnnt’d)

Column Direction Water F1ow,
size Frit of F1OW L/rein——

2“

2“

2“

2“

2“

2“

1“

1‘“

1“

1“

1“

1‘“

1“

1“

1,.

1“

1“

1-

1“

1“’

1“

1“

1“

1“

Top DOwnflow

Top DOwnflow

Top Demf low

EClttom Downflow

30ttom DOwnflow

Eattom Downflow

ToP . DOwnflow

ToP Downflow

Top D.Xmflow

Top Downflow

Top DOwnflow

Top Dotmflow

Top Upflow

Top Upflow

TOp Upflow

TOp Upflow

Top Upflow

TOP Upflow

Top Upflow

Bottom Downflow

SOttom DOwnflow

mttom DOwltflow

S0ttom Downflow

S0ttom DOwnflow

TABLE 11

1.2

1.7

2.1

0.6

0.45

2.3

0.22

0.30

0.25

0.16

0.10

0.10

0.38

0.46

0.30

0.20

0.18

0.08

0.08

0.32

0.18

0.08

0.5

0.4

Measured Pressure
Drop, pSig

45

64

82

5

6.5

27

960

980

1000

960

450 to 495

330

530

400

500

570

425

290

341

185

134

62

141

195

Preaaure OropAtroeaEmpt7One-Inch CnlrnO
After R+hcament of TOP Rit

Water Flow, l.!eas”redPressure Calculated
L/rein Drop, psig APmax, psig

0.5 62 to 64 147

0.4 50 to 51 117

0.3 35 to 40 87

0.2 15 to 16 57

0.1 22 to 24 28

32 -

(klculated
At’m**, pais

47.1

67.3

83.5

23.1

17.2

91.7

31.7

43.6

36.2

22.9

14.1

14.1

55.6

67.6

43.6

28.8

25.8

11.2

11.2

46.6

25.8

11.2

73.7

58.6



TABLE 12

Hess.redFlowFatesand Pre8sureDrops for Pipir.gand Valves oml~

Route Through Piping and ProcessVessels

421, 10-3-2,424, 10-3-1,426, 442, 401,
10-3-20

421, 10-3-2,425, 442, 401, 10-3-20

421, 10-3-2,425, 442, 466, 405, 10-3-20

432, 10-3-2,429, 428, 427, 442, 466,
405, 10-3-20

432, 10-3-2,429, 428, 427, 442, 466,
468, 406, 10-3-20

432, 10-3-2,429, 428, 427, 442, 466,
468, 47o, 411, 10-3-20

432, 10-3-2 429, 428, 427, 445, 467,
403, lo-s-lb

432, 10-3-2,429, 428, 427, 445, 467,
403, lo-21-lb

432, 10-3-2, 429, 428, 427, 445, 467,
402, 10-9-1

432, 10-3-2, 429, 447, 469, 407,
lo-19-lb

432, 10-3-2, 429, 447, 469, 408,
10-5-1 b

432, 10-3-2, 429, 447, 469, 409,
lo-zl-lb

432, 10-3-2,429, 447, 467, 410,
10-9-1

432, 10-3-2,448, 471, 411, 10-3-20

432, 10-3-2,448, 471, 415, 10-9-1

432, 10-3-2,448, 471, 414, lo-zl-lb

432, 10-3-2,h48, 471, 413, lo-5-lb

432, 10-3-2,448, 471, 412, lo-19-lb

432, 10-3-2,430, 431, 470, 407,
lo-19-lb

-33-

W.ater Flow,
L/uJn

2.60

2.54

2.33

2.64

2.50

2.72

2.65

2.62

2,66

2.70

2.63

2.62

2.62

2.40

2.50

2.50

2.50

2.5

2.5

h!eas.redPressure
DroP, pSig

34 to 52

56 to 59

77 to 79

88 to 93

110

50 to 52

50 to 54

50 to 54

52 tO 54

48 to 50

50 to 52

48 to 51

50 to 52

65 to 70

49 to 50

48

48 to 50

49 to 50

37 to 38



TABLE 12 (Cent’d)

Water Flow, MeasuredPre.s.re
Route Throu8h $iping and Process Vessels Ltmin Drop, psig

432, 10-3-2,430, 431, 470, 408,
Io-5-1b

432, 10-3-2,430, 431, 470, 409,
lo-21-lb

432, 10-3-2,430, 431, 470, 410,
10-9-1

432, 10-3-2,430, 431, 470, 406,
10-3-20

432, 10-3-2,429, 428, 427, 442,
466, 468, 470, 412, lo-19-lb

a. Calm.. removed from Frame 4

b. Simulatedby 50-literbottle

TABLS 13

2,5 36 to 38

2.73 37 to 48

2.6 37 to 38

2.6 36

2.53 400

and replacedby short piecesof Pirx.

since tank is not on Frame 4.

Pressure Drops Across Xesin-Loaded RIX-I

Column Pressure Drop Measured Durin&

4“

3“

2“

1“

4“

3“

2“

1,,

4“

3‘“

2“’

1“

@l-on in Landing Station

Flow sate, Pressure
L/rein Drop, psi&

Water flow through H+ form of resin

Water flow through H+ form of resin

Water flow through R+ form of resin

water flow through H+ form of resin

Conditioning with O.5M ZII(N03)2

Conditioning with O. 5M ZII(N03)Z

Conditioning with O.5M ZII(N03)2

Conditioning with O.5M ZII(N03)2

Water flow through Zn2+ form of resin

Water flow through Zn2+ form of resin

Water flow through Zn2+ form of resin

Water flow through Zn2+ form of resin

1.5

0.9

0.4

0.083

1.5

0.8

0,5

0.08

1.5

0.85

0.51

0.09

25o

140

550

210

160

140

76o

210

160

140

810

210
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TASLE 14

PressureDropsArrossResin-LoadedRIX-ICO1-US in Rame 4

F1OW Path Water Temperature
Through Caltxnns Water Flow, at Cutlet from t-!aximumPres8ure
in Series L/rein Last Column, “C Drop, psig

4“ 1.2 76 135

4“’and 3“ 0.7 77 175

4“, 3“, and 2“’ 0.4 78 580

4“”,3“, 2“, and 1“ 0.09 80 429

next during series operation of the columns. This heat loss is
most severe at the lower flow rates to the smaller columns. The
solution is therefore preheated before entering the two smaller
columns by flowing through coils wrapped around the outside of the
hot water jacket of the l-inch and 2-inch columns.

Temperatures of the “feed solution”’(deionized, filtered
water) were measured at the inlet to the 4-inch and 3-inch
columns, at the inlet to the preheater coils of the 2-inch and
l-inch columns, and at the outlets from all four columns, while
the feed water passed through varioua combinations of columns in
series at the nominal flow rates. Ouring these tests, 2.5 gal/rein
of hot water was supplied to the column jackets in series, at a
pressure of 31.5 psig. The temperature of the hot water ranged
from 90 to 93°C at the inlet to the 4-inch-column jacket, and from
86 to 90”C at the outlet from the l-inch-column jacket. Measured
temperatures and flow rates are listed in Table 15.

The “’feedsolution” was inadequately preheated by the coils
around the column jackets because of:

● Lack of adherence of the solid heat-transfer medium between
the jacket and the coils;

● Excessive heat losses from the outlet line of the coils.

● Insufficient heat-transfer area.

Examination of the heat-transfer medium revealed that regular or

water-soluble (Type S) material (Zeston@ Grade Z-10, Zeston

Company) had been used instead of the specified high-strength

waterproof (Type IS) material. The Type S material had cracked

and crumbled severely, allowing loss of contact with the jacket

wall in many places, thus reducing the effective heat-transfer
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TAsLE 15

Temperatureof FeedWaterEnteringand Leaving
Resin-LoadedColumnsDuringHeatingTests

F2CWFsth Mter Taqarsture, “C
lhroughCDllmuw tkterFku, 4“ Cd.lrml Y &Jlmm 2“Colunl 1“Colurn
inseries I/mill_I~ In p— In am— ——

4- l.1 5F 71------

4“d 3“ 0.7 53s 75 6276 ----

c,3”, mld2° 0.4 ~a7~~~ 5978 --

4“,3“,2“,d 1“ 0.07 ~a 77 2S 81 38 76 36 72

a. ~ teqeratumofh? “feedrohticn”(=ter)rangedfrmn81to84°Casit
Ieftth?h?st.dfssdtslicsmienterdtilmalitorlcop;tyt.h?tim?ttefd
wstermaclmdthe4+rh mlum, itk+ amledtofrmn554c(at~ -t
fk rate)to34eC(at* 1= flm rsts).

area. The coils were not secured well enough to the jacket wall
by the stainless steel banda to prevent movement. Type S material
is also unsatisfactory bacause it is water-soluble and thus eaaily
washed from the column by any process or water leaks.

The coils were also wrapped adjacent to each other, leaving
no apace for the proper application of the heat-transfer material.
Furthermore,the coils were wrapped over only about half of the
available jacket area.

The cold inlet line to the coil was in contact with the hot
outlet line from the coil, so that the hot “feed solution” was
cooled unnecessarily before entering the column. Furthermore,
the hot outlet line from the coil at the bottom of the column
was allowed to air-cool enroute to the top of the column.

The original preheater coils were later removed and replaced
with new coi1s over the available jacket area. The coils were
rearranged ao that the “feed solution” flowed from the bottom of
the column jacket to the top, thus minimizing the heat losses
between the outlet of the preheater coils and the Inlet to the
column. The coils and hot outlet lines were cemented to the
jacket with high-strength, water-proof Type IS heat-transfer
material. The “feed solution” was then adequately preheated by
the jacket preheater coils. The technique for proper installation
of the jacket preheater coils and subsequent heat-tranafer testa
have been described previously.1

1. W. J. Jenkins. Project S-1085, 221-F-M~tipurpose Processing
Facility, Technique for Proper Installation of Jacket Prehsater
COils on RIX Columns. DPsT-72-336, E. I. du Pent de Nemours
and Co., Savannah Siver Laboratory, Aiken, SC (Msy 3, 1972).
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Removal of Resin from Dump Tank. TWO tests were made to meas-
ure the efficiency of resin r’emovalfrom the resin dump tank 10-3-3.
In both tests, a measured volume of ’200, +400 mesh Dowe@ 50W-X8
resin was added to the dumu tank and then removed by flushing with
3-liter volumes of deioniz~d water. During the second test, each
3-liter volume was sparged with 1 scfm of air for five minutes
through spare dip-leg # sp 252. Results (Table 16) show that
although resin removal waa more efficient when each flush was air
sparged, eaaentially all of the resin can be removed without air
sparging by using more flushes.

TARLR 16

Removal of Resin

Water Flush

(3 liters each)

1

2

3

4

5

6

7

8

9

10

11

Total

from Dump Tank

Amount of Resin Removed by Flushing
Without Sparge With Air Sparge
Volume, tia z Volume, IULD %

500 49.02

304 29.80

88 8.63

43 4,22

21 2.06

14 1.37

7.0 0.69

5.5 0.54

1.0 0.10

0.7 0.07

<0.1 <0.01

984.3 96.50

a. Initial amount of resin added = 1020 mL.

750

180

34

15

6.5

3.6

1.85

<0.1

991.05

75.38

18.09

3.42

1.51

0.65

0.36

0.19

<0.01

99.60

b. Initial amount of resin added = 995 mL,
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COLD cEs141CALSuNs

Evaporation, Steam Stripping, and Denigration. The objective
of evaporation, steam stripping, and denigration is to reduce the
volume of a batch of RIX-I feed to less than 20 liters and the con-
centration of nitric acid to lM or less. The usual procedure is to
evaporate the batch to about 10 litars, then steam-strip by adding
water and boiling until the nitric acid concentration is 4M to 5M,
and finally denitrate by adding a measured volume of formic acid at
a controlled rate of not more than 25 mL/min. The water used for
steam stripping ia added below the surface of the feed solution
through a dip-tube. Water ia added to balance evaporation, ao that
the volume of faed solution is held constant at about 10 liters.
Removal of HN03 by stripping is effective at higher acidities.
But stream stripping becomes relatively inefficient at concentra-
tion lasa than about 4M HN03; more than 4.5 volumes of water are
required per volume of feed solution.

Denigration of solutions lM to about 4M HN03 by formic acid
proceeds by the following reaction:

2HN03 + 3HU30H - 2N0 + 3C02 + 4H20

When the air purge ia about 0.05 scfm or leaa, 1.5 moles of formic
acid are required per mole of nitric acid, according to tha above
equation. But if the air purge is increaaed to 1.0 acfm, the re-
quired amount of formic acid is increased to between 2.0 and 2.5
moles per mole of nitric acid.

At nitric acid concentration above 2M, the reaction is
rapid; denigration proceeds as faat aa the formic acid is added
if the addition rate does not exceed 25 mL/min. Howaver, as the
nitric concentration decreases to about 2M, the total acidity doea
not decreaae aa rapidly as doea the nitric acid concentration,
which indicatea a buildup of formic acid aa denigration alowa
down. Refluxing for about 2 houra after the last addition of
formic acid allows denigration to continue; the final concentra-
tion of excess formic acid is usually leaa than about 0.5 to 1.OM.

Denigration of nitric acid by formic acid haa been described in
detail.2

2. R. F. Bradley and C. B. Goodlett. Denigration of Nitric
Acid Solutions by Formic Acid. USASC Report DP-1299,
E. I. du Pent de Nemours and Co., Savannah River Laboratory,
Aiken, SC (1972).
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Six cold chemical runs were made in the feed adjustment
evaporator. The first five runs consisted of evaporation, steam-
stripping, and denigration; the fourth run included a second deni-
gration step, and the sixth run was for denigration only. Runs 4,
5, and 6 used two moles of neodymium nitrate to simulate the acti-
nides and lanthanides in radioactive feed. The total volume of
water used for steam-stripping varied from 66 to 139 liters. The
total nitric acid remaining in the feed solution after steam

stripping was 47.2 to 48.8 moles for Runs 1, 2, and 3 without neo-
dymium nitrate, and 26.7 and 25.7 moles for Runs 4 and 5 with neo-
dymium nitrate. During these five runs, steam-stripping removed
enough nitric acid to permit further denigration with formic acid.
Table 17 summarizes the analyses of duplicate samples of evapo-

rator bottoms and condensate for these five runs. Appendix D

shows individual sample analyses and material balances.

Analyses of neodymium in the evaporator bottoms and condensate
(Table 17) were used to calculate entrainment of bOttOms aOlutiOn
in the overheada (condensate) during Runs 4 and 5 (Table 18).

The evaporator was purged with 1 scfm air during all six
runs. The temperature of the evaporator solution was controlled
at 95 +3°c during addition of formic acid at 20 +2 mL/min. For
Runs l–and 2, the solution was cooled immediatel~ after completion
of the formic acid addition; for all other runs, the solution was
refluxed for 2 hours after completion of the formic acid addition
before cooling. Total H+ was determined for all runs; for the
last four runs, total N03- was also determined. The total H+
analysea are summarized in Table 19 in order of decreasing total
@ concentration before addition of formic acid.

The total N03- analysis are summarized in Table 20 for the
last four runs in order of decreasing initial total N03- concen-
tration.

I

Accuracy of the Evaporator Specifit-Gravity Bubbler. Accuracy
of the specific-gravity bubbler in the feed adjustment evaporator
was verified by taking replicate samples during various chemical
runs for laboratory determination of specific gravity. Agreement
between laboratory measurements and bubbler measurements (Table 21)
indicated satisfactory accuracy.
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TAS2.E17

Compositionof Evaporator Sottcusand Overbe.adcOuringEvaporationandSteamstripping

J&’

1

5

Evapraw mttam
Total H+ mti t’2l3-

rn(m3)3,

EQ?!l!zelQ@!+Y_!Q!22~

11.5 lcd.4 ?-L@ Wo
5.8 51.2 M MO
7.9 73.1 N4 MO
5.9 62.0 Ni two
4.7 32.2 N4 mo
4.3 49.5 M Nio
4.7

13.1
6.1
4.6

12.5
5.3
4.9

12.3
5.2
4.4

48.8 w PM

E8.1 w m
63.6 W N4
47.9 m M

95.6 w
M.1 4.s ;.*
47.3 4.3 u. 7b

e6.4 11.s 83.2
40.6 6.1 48.0
24.8 5.3 42.5

0

0
0
0
0
0
0

W
Ln
1.92

3:s 29;7 3.4 26.4 1.S?
3.5 26.7 4.4 34.3 1.77

11.4 107.4 11.1 1CXL6 2.U
5.3 41.8 6.2 48.4 1.8$
4.1 3.3 5.0 41.s 1.s3
3.5 2S.9 4.5 56.6 1.87
3.1 25.7 4.2 35.1 1.93

0JdE6is(Cmd-te)

mtd n+ TOtd m3-
‘(rn3)3’ % ofH+&iRtiY

e & .kity W3a Ilrlh in 2vaForaiiFeai.—

0.39 22.9 w ma o Is
1.7 28.6 N4 !’ $40 26
0.57 8.3 M MO 10
0.45 12.5 m MO 17
0;26 7.2 N4 Nio 12
0.11 3.0 w MO 6
0.n 5.5 M two 10

0.76 46.8 N+ MO 35
0.PI 28.8 tW MO 31
0.z 7.1 N4 MO 13

0.62 61.6 0 40
1.25 39.5 0.55 ~Oob o 42
0.20 7.0 0.05 ,.8b o 13

0.74 44.2 w w aLcoY+2 3
0.87 51.5 0.ss 56.1 w %
O.m 7.0 0.22 7.6 <0.03224 17
0.13 4.5 0.13 4.5 al.02Tz4 13
0.10 3.4 0.24 &o o.a13M 11

0.85 44.2 0.87 45.0 w 29
1.?3 43.9 1.57 51.7 <o.a12Z3 51
0.27 9.0 0.36 12.2 0.0314 21
0.11 4.3 0.1s 6.7 <0.0326 13
0.09 2.6 IV? w O.CCQ1 9

a. tbtMk92yzed.

b. crJylN)5Pt forlmn3, tom2t#d_au7d qe.Imta2N23-.

c. mt &md.
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TABLE

Total

TABLE 18

Entrainmentof EvaporatorBott- in Condensate

(Total mole. of Nd3+in Bottom

)’
Total Mole. of Nd5-in Condeo. ate Z Entraimeot

>4800

None detected in mndensate

>8000

>8000

1900

>8000

1300

7200

900

a. Combined data for Rum 4 and 5.

19

H+ Cmce.t rat ion During Den it ration With Formic

<0.02

<0.013

<0.013

0.05

<0.013

0.08

0.014

0.11

A. id

.&noun, of HCOOHAdded

Total H+ Concentration in Evaporator solution. ~

Before Addition of tlCCQH After Addition of HCCXIH Total H+,
~ ~ * ~ * * wale ratio

3 4.85 47.3

1 4,69 48.0

2 4.61 47.9

6 3.90 38,5

Q) 3.4S 26.7

5 3,12 25,7

60 2.26 15,8

a. Average of duplicate malye es.

2,15 21.0 59.6 2.26

2.32 21,1 61.4 2.22

1.83 18. & 59,7 2.02

1.88 19.3 45.0 2.36

2,19 16.1 25,0 2.36

1,10 10,5 41,0 2,68

1,36 12.3 11.1 3,16

Tmu 20

Tc.t.11 N03- concentration Durir.g Mnitratim With Formic Acid

Amunt of HCOOHAdded
Total NO -3 concentration in Evaporator Sol.t iona HCCOH/l”lti.1
Before Addition of HCOOH After Addition of HCCXX Total N03-,
~ * ~ * * mole ratio

4.28 41.7 0.67 6.5 59.6 1.69

4.63 45.7 2.40 21..6 45.0 2.13

4.42 34.3 2.59 19.0 25.0 1.64

4.25 35.1 1.65 15.6 41.0 2.11

3.05 21.6 1.98 18.0 11.1 3.08

5

40

a. Averaw of duplicate analyses.
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TABLE 21

Verification of Accuracy of Evaporator Specific-Gravity Subbler

Sample
Number

422
423

447
448

709
710

715
716

719
720

730
731

741
742

747
748

751

752

766
767

777
778

770
771

772
773
774

775

Spe Cifi C Gravity of Various Solut ions in Evaporator
During Chemical Runs

Laboratory Delermina Lion

Specific

CLavity

1.3999
1.3983

1.1861

1.2108

1.1545
1.1703

1.1414

1.1436

1.149
1.145

1.0933

1.0561

1.2343

1.2358

1.1953

1.1935

1.1779

1.1812

1.0912

1.0946

1.0908

1.0879

1.1840
1.1782

1.1116

1.1147

1.1129

1.1094

Aws&E

1.399

1.198

1.162

1.143

1.147

1.075

.235

.194

1.180

Measured by Evaporator
Specific-Gravity Bubbler

1.40

.20

.18

.14

1.15

1.08

).24

1.18

1.1s

1.091 l.OB

1.181 1.18

1.112 1.10
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Product Holdup in the Feed Evaporator and Filter. The product
leaving the feed adjustment evaporator passes through a porous
stainless-steel filter during the normal transfer into the RIX 1
feed run tank (EP-1O-3-1). The contents of the feed run tank can
be transferred back into the evaporator via the evaporator transfer
tank (EP 10-1-5).

Tests were made using the HN03 solutions from the evaporator

chemical runs to determine the percentage of the batch received

after transfer, and the additional percentage received after each

of two water flushes following the transfer. Percentage of each

batch received was determined by # analysia and, in some cases, by

N03- analysis too. Test results showed that all of the batch was
received when followed with two water flushes of 1 to 2 liters.
The first water flush yielded an additional 5.2% or more, and the
second water flush yielded an additional 1.6 to 3.3%. Only .97.9
to 94.0% of the batch was received when water flushes were omitted.
Results are shown in Tables 22 (Run 1), 23 (Run 2), and 24 (Run 3).

The stainlesa-steel filter in the transfer line between the
evaporator and the feed run tank waa removed after transfer of
Run 5 solution followed by two 3-liter water flushes. Draining
the filter yielded 18.5 mL of solution (Sample 779) which con-
tained 0.04M ~ (about 0.007% of the total H+ present in Run 5)
and 583 pg/mL Nd3+ (about 0.004% of the total neodymium).

RIX-I Displacement Chromatography. Cclifornium, curium, and
americium are separated from each other and from fission-product
lanthanides on the rapid ion-exchange RIX-I columns by displace-
ment chromatography. The RIX-I columns are four 4-foot-long col-
umns with Inside diameters of 4, 3, 2, and 1 inch, respectively.
All columns have hot-water jackets to control the temperature
inside the columns at 70°C or above. The 2-inch and l-inch col-
umns also have preheater coils to raise the temperature of the
entering solutions to 70°C or above. The 4-inch and 3-inch
columns were loaded with 100 ~20-micron resin which had been hy-
draulically classified from -200, + 400 mesh Dowex@ SOW-X8 cation-
exchange resin. The 2-inch and l-inch columns were loaded with
35 ~15-micron resin which had been hydraulically classified from
-200, + 400-mesh Dowex@ 50W-X8 resin. Resins were saturated with
zinc before each chemical run.

Nuclides are separated by displacement chromatography with

0.05M DTPA (diethylenetriaminepentaacentic acid) completing anion

as a developing agent. The DTPA is adjusted to pH 6 with ammonium
hydroxide. The actinides and lanthanides have a higher affinity
for the resin than the zinc, so they displace the zinc as they are
loaded onto the top half of the resin of the 4-inch column. The
DTPA developing agent is fed downflow through the column and dis-
places the actinides and lanthanides which, in turn, displace zinc
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TAELE22

Feed Evaporator andFilterTransferHeel

S&Jtfm
V&LIE. ?ande

S.31utimAldyzed L“&— .

solutbmfnftfallyh fed
adjusanmtevapn-ator 9.1 34
(m’K-1-E) 35

SAItiOnmefved fn
e’vapratortralsf6talk
(2P10-1-5)afterUaI15fer
frane.quramrttih
filtervlafeedM tank 8.0 36
(ET10-3-1) 37

FirstC(E-litertam fkh
of evapramr d filtel

IE2E+J61 fn e.qmabx 1.2 38
tralsfcttalk 39

seczd ueMer .ter 5=h
of evapnatord fiztez
re2eivedfne+qxm-ator 1.0 40
tr.msf=tzmk 41

mtd c2cfivd in
Wapnamr mansfet
talk

for Fun 1

TotalIt Total N33- t’ataiazE33ame,%

_—:Rk?!2z!@s2 ?? C!!xclarity Ides 7.

2.32
2.3?

2.?2
2.32

2.32
2.n

0.69
0.69

a. Fercmt of fnfMalIDtd fnerapmamr daion.

b. NX malyzd.

21.11 Im

18.% 87.9

5.?a 25.5

0.69 3.3
——

24.63117

)-w

w

N4

r#. -E7.9-

Ni- 113 -

N4- 117 -



TABLE 23

Feed EvaporatorandFilterTransferHeelforRun 2

%lutim Ana2y?ed

Saluticm initwy m fed

adjlsblEIU evqm-ator

(E? m-l-m

%lutial Z%2e2wd in

e..qmatcx tramfer tank

(F.P 10-1-5)aftertmmsfer
fm evapmatorthrc@
filtervfafeed- tank
(F7F10-31)

First-liter waterflush
of evar.materam+filter
receivedfne.aperator
transfertaltc

H me-liter-ter flub
of evapnaturad filtw
receititnevaporator
transfertark

TotalIE%iwcffn
evaporatortmm+ft?r
tank

snlutial
Vohm?, ST@, Total# Total~- taterialBaJarre,Z
L Nlrter Kdarity mlffi—— — _??.- =* ElK-- w

10.1 57 1.85
59 L.fn

9.63 59 1.86
w 1.74

2.0 61 0.42

62 0.53

2.0 63 0.11

64 0.19

a. I&centof mitfal total in evapnator mlutim.

b. Mm analyzed.

18.43 103 Mb ~b---

17.33 94.0 1.16 11.36 - %.0 -
L2Q

0.95 5.2 0.18 0.35 - ?3.2 -
0.17

0.30 1.6 0.02 0.C4 - 101 -
0.02

iK3i7mi-- 11.75
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TA21LE24

Feed Evaporator and Filter Transfer Eeel for Run 3

Wutim
V03N!e, Em@? TotalI@ Totalw- ti’+terialeaknm?e,z

sol”tim&ta2y7Ed L Nmter w3arity uok F hdarity roles 7? IF— —— —. —. . . x

?al”timinitiauyfn fed
ad@aOent evaporator 9.75 85 2.15
(m 1O-1-8E) % 2.15

?.olutfmhwd fn
evdpa-startl-amfertank
(ZPlC-1-5)aftertrader
frwnevaporatortfuvu$l
filterviafeedm bank 9.0

(EP10-31)
87 2.15
m 2.m

Firsta-e-2iter$aterfhsh
cd euqmratorad ffkex
Keel?.i..%ih e.mpm-ator l.m 83 0.70
trarsffftalk 93 0.67

Se.xmfm+.iter interflush
of WapO.tm ad ffltex
LE.2eiafnewqnratar L 8 91 0.185
tmr!sfertalic 92 0.148

Totalr+ceivdtn
eti-tor trader

a. Percentof tnittdtotaline.ap.matersol.tim.

b. NOt&tected.

m.% Ml

19.58 93.4

1.23 5.9

0.38 1.8

=F

0.53
0.83

0.91
0.87

0.024
0.033

@
m

6.481u3--

8.01 124 !33.4 124

0.C6 0.9 99.3 125

-- 101 125

m 125

I



as each moves down the column in a zone. The DTPA complexes of
these elements differ significantly in stability; consequently,
the elements separate into individual bands within the zone, with
californium in front, followed by curium and americium and finally
by the lanthanide fission products. NH~+ is retained by the resin
at the rear boundary of the zone and the zone itself is composed
essentially of actinides and lanthanides complexed by the DTPA.
After a certain column length, the bands attain their steady-state
“shape”. The bands follow one another without intervals and move
at equal rates. ‘l’hisdisplacement type of development, therefore,
‘resultsin finite overlap regions of fixed length between neigh-
boring bands which cannot be avoided nor reduced in length.

Further increase in column length (at constant column diam-
eter) does not improve separation. To further improve separation,
the bands are passed through successive columns with smaller diam-
eters; the overlap regions have the same length as in large col-
umn, but contain less actinides in the overlap regions.

Two chemical runs were made in the RIX-I columns using a mix-
ture of nonradioactive lanthanides (dysprosium, terbium, gadolin-
ium, europium, samarium, and neodymium) to simulate the separation
of actinides and fission-product lanthanides. The same resins
were used for both runs by flushing between runs with excess DTPA
to remove all traces of lanthanides and then reconditioning with

0.5M Zn(N03)2 to saturate the resin with zinc. A total of 4.0
moles of lanthanides was loaded and eluted from the columns in the
first run and a total of 2.5 moles of lanthanides was loaded and
eluted from the columns in the second run. The entire effluent
from the l-inch column was collected in l-liter composite samples
for each run. The make-up compositions of the feed solutions
are given in Appendix E. Composite sample analyaes ara shown in
Appendix F and the elution profiles are shown in Figures 9 and 10
for Runs 1 and 2. These profiles demonstrate satisfactory separa-
tion of the lanthanides by the RIX-I columns.

Performance of the RIX-I columns and associated equipment
in Frame 4 waa satisfactory. The minimum, average, and maximum
column operating pressures for each 190 minutes of elution during
Runs 1 and 2 are summarized in Table 25. The column temperatures
during Runs 1 and 2 are summarized in Table 26.

The temperature of the hot water supply to the column water
jackets ranged from 85 to 95°C during Run 1 and from 85 to 94°C
during Run 2. The temperature of the hot water return from the
column water jackets ranged from 83 to 94°C during Run 1 and from
85 to 92-C during Run 2. The temperature of the DTPA elutriant,
which was preheated before pumping to Frame 4, ranged from 81 to
99°C during Run 1 and from 76 to 85° C during Run 2.
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TA8LE25

RIX-ICol~n OperatingPre6eureeDuringNonradioactiveChemical

Column Operating Pressures

Run F1OW Path Minirmnn, Average, Maximum,
Number Through Columns psig Jnsig Jxlig

1 4“ Feed Displacement 260 866 1000
4’”Elution 110 138 190
4” and 3‘“ 135 163 185
4“, 3’”, and 2“’ 450 467 475
4“, 3“, 2“, and 1“ 100 281 390
4“, 3“, 2“, and 1“ 390 393 400
4’”, 3“, 2“, and l“ 380 433 450
4“, 3“, 2“, and 1“ 450 513 630

2 4’”Feed Displacement 50 106 118
4“ Elution 90 90 90
4” and 3”
4“. 3“. and 2“’

120 124 135
650 660 670

4“; 3“; 2“, and 1“ 470 511 540
4’”, 3“”, 2“, and 1°” 320 391 500
4“, 3“’,2“, and 1“ 360 379 410
4“, 3“, 2’”,and 1°’ 300 436 600
4“, 3“, 2“’,and 1“’ 220 718 970

TA8LE26

RIX-ICohum TemperaturesDuringNonr.adioactiveChemicalRuns

Nun FlowPath
limber 2hrWgh (Mlmme

1 4“ FeedDispl~er6tt
4“ Elutim
~,,~ s,,

Calum Ttqeratures,‘c
4“ calm 3“ Cdlml 2“ C’311ml 1“ C91urn
~— ~ tit In cut—~— — .—— —

Zg m
46 71
43 73
38 73
2979
3379
27 72
28 75

Z8m
55 74
52 75
47 76
33 77
35 78
3578
28 75
Z8m

63 76
%78
37 0
3883
35 75
35 77

62 77
5379
3979
388-J
?am
32 79
28 74

50 -

55 78
36 7g
3683
3 75
32 77

6078
?878
3878
39 al
32 77
28 74

35 79
35 81
32 75
3379

37 79

37 i9
?aN3
31 77
Z373

Runs

Average
F1owrate,
L/rein

0.75
1.12
0.92
0.44
0.145
0.154
0.142
0.138

1.15
1.25
0.80
0.45
0.07
-0.1
-0.1
-0.1
-0.1

Average
Flcwrate,
I&n

0.75
1.12
0,92
0.44
0.145
0.154
0.142
0.138

1.15
1.25
0.80
0.45
0.07

0.1
0.1
0.1
0.1



The actinide-lanthanide feed solution is displaced from the
RIX-I column feed tank into the columns by pumping water into the

feed tank. The feed tank is baffled to induce plug flow for effi-
cient removal of the feed solution with a minimum displacement
volume of water. For both Runs 1 and 2, the feed solution was
displaced by 60 liters of water. The residual solution in the
column feed tank after each run was mixed and analyzed to deter-
mine the percent of feed which remained in the feed tank after
displacement by water. The percent feed remaining in the tank
residue (Table 27) was calculated ‘fromthe concentration of each
lanthanide in the residual solution and in the feed. On the aver-
age, about O.14% of the feed remained in the feed tank after dis-
placement by 60 liters of water; this compares favorably with an
expected residue of <0.5% based on preliminary tests not reported
here.

Twn additional feed displacement tests, Runs 3 and 4,* were
carried out with solutions containing neodymium nitrate and nitric
acid that had been evaporated, steam-stripped, and denigrated with
formic acid during previous evaporator chemical teets (Runs 4 and 5,
Table 17). For the Run 3 displacement test, feed solution from
evaporator Run 4 was displaced from the column feed tank with 40
liters of water. For the Run 4 displacement test, feed solution
from evaporator Run 5 was displaced with 20 liters of water.
After water displacement, the residue in the column feed tank was
mixed and the neodymium concentration determined. Based on the
neodymium analysea, O.008% to 0.01% of the Run 3 feed remained in
the column feed tank; this residue appeara to be low by a factor
of 10 or more when compared with residues from Runs 1, 2, and 4,
and is significantly leas than the 2% estimated from preliminary
40-liter displacement testa not reported here. For Run 4, neodym-
ium analyaea indicated that displacement by 20 liters of water
left O.18% to O.24% of the feed in the column feed tank.

The DOWex@ SOW-X8 cation-exchange resin in the columns is
compacted about 5% by the high pressurea required for flow through
the resin beds. The resin volume also shrinks about 10% when con-
verted from the d form (saturated with d) to the Zn2+ form
(saturated with Zn2+) and expands about 10% when converted from the
zn2+ form back tO the H+ fOrm. These variations in resin volume
prevent complete filling of the column cavities between the re-
tainer places with resin. The columns were filled with resin in
the # form and then conditioned with O .5M Zn(N03)2 solution to
convert the resin to the Zn2+ form. Then tbe resins were com-
pacted by the high pressure required for flow through the beda.
The volumes of the compacted Zn2+-form resin beds in the columns
were measured by x-ray examination and compared with the measured
volumes of resin loaded into and removed from the columns (Table 28).

* Elution from the resin columns was not tested.
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TAME 27

Percent of Feed Left in Feed Tank After
Water Displacement to RIX-I Coltmw

Residue, Z of Feeda
Lanthanide Run 1 Run 2

Oysprosimn 0.15 0.23

Terbium 0.08 0.09

Gadol inim 0.13 0.18

Europi~ 0.20 0.12

Samarium 0.13 0.09

Neodymium 0.11 to 0.15 0.11 to 0.14

Average 0.14 0.14

a. Calculated from concentrations of
lanthanides in feed tank before and
after water displacement of feed
solution to colmns.

TA8LE28

VOIWS of Dove* 50W-X8Resin in RIX-I Columos

Resin Vohm?, L

mt~
Aiter Reccmversmi

Calculated Vohxm H+ Form
Zr? Form

& Form
F&muved man

of Coluim Cavity, kxd+d Into
Fran Znz+ to

CoIumt L COhltlls in COlUmSa colllmlsb H+ Form

,,, 0.675 0.675 0.5% 0.625 Owl

./, 2.31 2.6s 2.11 2.28 2.44

y, 5.11 4.% 4.% 4.52

~,, 8.X) 8.09 7.07 7.33 8.17

a. By x-rayexaninaticnof lc%dedculmns afterpressurization.

b. i-bhmger &r pressure.
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SYSTEM FLUSH

Before Frame 4 was returned to Construction, all process
vessels and all process lines that had been contacted with any
solution other than deionized water were thoroughly flushed with
deionized water. All cooling water lines and heating water lines
were flushed with nitric acid and then were flushed repeatedly
with water.
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APPENDIX A

Equipent List

Table A-1 lists the equipment piece numbers and the drawing

numbers for the principal processing equipment in Frame 4.

TAELE A-1

Equipment Li@t

Equipmnt Piece
(EF)-r

lc-1-5

10-I-EE

10-1+

10-1-10

10-3-1

10-3-1-1

lC-3-2

10-3-3

1C-3-1O

10-311

K-3-12

10-3-13

K-3-14

10-3-’23

10-9-1

10-103-1

lc-l@5

Ic-lm-a

Ntm?

Bqmratar TransferTank

RE-I FeedMqurator

Nnlird
*ity,
L

al

125

Prccesaad
Instrumus
Di~ a I.knbers

W-238731

h%238731

02denser

CompensateTank

RC-I FeedRunTank

FuptureDisz

k layPot

RIX-I D.IIP Tad(

4“ Cdum

3“ COlmm

2“ C.Ohnll

1“ Cohn

F@ptureDisc

P.E-IWasteTark

Cf RL-I Mm Tank

AVR-093AirJet

Piker

FUptureDisc

—

03

m

—

6

m

9.9

5.5

2.5

0.6

—

ml

75

—

—

h%2313731

w-238731

W238732

W-233732

W-238732

w-230732

w-238732

W=2B732

h%?38732

F238732

w-228732

W238732

w-238735

W-236732

hW38731

w-2X3732

D2tai1

E?!!&
E-146531

D-146775

D-146772

0-146533

0-1465%

—

2+146716

0-146532

0-146726

D-146727

FU+6728

E-146729

—

0-14559

0-146722

BFF-211915

—

—

I

I
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Water Transfer Tests

Table B-1 lists measured water volumas and flow rates during

hydraulic tests of various transfer paths between Frame 4 vessels.

TA8LE B-1

Water Transfer Tests of Frame b Vessels

TransferFatN

FeedM@tuemt Evaporator
to FeedT8nk

FeedTak to EvaForatm
TransferTank

8vap0rat0rTransferM to
Feed)djusnmntE.iqxxator

@rdensate T.a& to Evaporator

Transfer Tank

cf w reed Evaporator
to Evapxator Transfer Tank

Waste M to khste I&der

&niena3te Tark to W3ste I+3adrr

CflUn Tankto CfTT8nsferT#

v-,
imhs of

!EE!?sL

26

25

m

al

26
z?

m

m

hIUPTank m 8erm TransferTan@ 18

ColdFeedlm0Pm8unpFhx3h A

a. SeeFigmw 1.

b. 8F 17.3fn ti canym. 8hndatad.

c. EF WV-3 cm Fra? 5. Sfmllated.

d. 8F 10-23-1a) Fram?5. 8idat=-L

e. 15 psfgp-es- m Sfnul=@@~tY ~P.

-56-

W3terT1-ansfer
Volllre,Tim?, Fate,
L

17.9

17.9

51.0

41.0

50.0

97.5
270.0

48.1

3).2

15.o

10.3

ndn—

5.6

10.0

33.5

10.8

16.6

49.0
127.0

26.9

15.5

10.0

4.2

3.2

1.8

1.5

3.8

3.0

2.0
2.1

1.8

2.0

1.5

2.5
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APPENDIX C

Measurement of Vessel Off-Gas Exhaust Flows

Each vessel was isolated and the off-gas flow was determined

by meaauring the pressure drop across an orfice of appropriate

size temporarily installed in the off-gas header. Pre8sure dropa

were measured at various static vacuums maintained in the header

while internally generated air flowed into the vessel at various

ratea. Off-gas flows were calculated from these measurements by

the following formula: 3

W - KYA d2gc(P1-P2)d

Where w = mass flow, lbjsec

K = C/dI - R4, dimensionless

C - dimensionless coefficient of discharge

.

R=

Y=

Cplh =

.

P1 =

P2 =

A=.

gc =

.

d=

0.61 for this study

diameter of orifice/diameter of pipe

1- [~l;j~l)(0.41-0.35R4)]

heat ratio

air

upstream preseure, (lb fnrce)/f tz

downstream pressure, (lb force) If t2

specific

1.40 for

abaolute

abaolute

cross-sectional area of orifice, ftz

gravitational acceleration

32.17 (lb mass) (ft)/(lb force) (aec2)

density of upstream air, (lb masa)/ft3

3. J. H. Perry, Ed. Chemical Engineers’ Randbook. Fourth
edition, Section 5-10, McGraw-Hill, New York (1963).
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Results are listed in Table C-1. Air flows into vessel overflow

lines were spot-checked (results not listed) with a Type 3002
VelOmeter@ (Alnor Instrument Company).

TABLEC-1

Off-GasExhauatFlow From Frame h Tanks

Air Sparee Measured Off-Gas Flow, scf~, at
Tank EP to veisei, Header Vacuum, inches”of water, of
Number scfm Q@ ~ 0.20 ~ ~—

10-3-20 0 1.8

1.0 2.6

2.4 3.2

10-3-3 0 1.0

1.0 1.1

2.2 --

10-1-10 0 1.5

1.0 2.1

2.4 2.55

10-9-1 0 1.5

1.0 2.1

2.3 2,5

2.6

3.4

3.8

1.5

1.6

--

2.2

2.8

3.2

2.2

2.8

3.4

3.7 4.6

4.5 5.4

5.3 6.0

1.8 2.5

2.0 2.7

2.2 2.8

2.9 3.8

3.5 4.5

4.1 5.1

3.2 3.8

3,8 4.4

4.4 5.1

5.3

6.0

6.8

2.7

2.9

3.2

4.5

5.1

5.6

4.4

5.1

4.6

kSig” Flow, a
scfm

3.75

3.75

3.75

1.25

1.25

1.25

1.67

1.67

1.67

1.67

1.67

1.67

a. Minimmn flow required.
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0.05

0.03
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1.0 scfm
Air Sparge

No
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2.4
Air
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Sparge

-+-J+
Off-Gas Flow, scfm

FIGURE C-1 . Off-Gas Exhaust Flow from Condensate Tank
(EP 10-1-10)

-s9-



I I I I I
I I I I

●

No
Air Sparg

sc$m
Sparge
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FIGURE C-2. Off-Gas Exhaust Flow from RIX-I Dump Tank
(EP 10-3-3)
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0.5 —

& ().3
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%
0
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<
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:
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:
0.07 —
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FIGURE C-3. Off-Gas Exhaust Flow from RI X-I Waste Tank
(EP 10-3-20)
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0.2 —
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0.07 —
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FIGURE C-4. Off-Gas Exhaust Flow from Cf RIX-I Run Tank
‘(EP 10-9-1)
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APPSNDIX D

Evaporation, Steam Stripping, and Denigration

Tables D-1 through D-6 list the results of the cold chemical

,runs in the feed adjustment evaporator.

TAELE 2P 1

Run 1 Evaporat ion, Steam Stripping, and D-nitration

After Denitratim
After Stem StrL~ing with 2,62 L of

SixthPi rst 8eccak3 Third Fwfh Fifth 23.4fi -

ErAtam in10-1+ Sbnpa’ata

VOLUW, L

It mlarity in e+des

50

2.7
2.7

2.7

135

103

.

—
.

—

—

—

—

9.25

11.5
11.5

11.5

1C6.38

82.3

%.6

0.39
0.39

0.39

22.85

11.1

95.7

14.0

5.8
5.8

5.8

9.25

1.9
7.9

7.9

10.5

5.9
5.9

5.9

61.95

83.2

11.1

4.7
4.7

4.7

52.17

87.9

11.5 10.4 9.1

4.3 L.@ 2.32
4.3 4.69 2.32

4.3 4.69 2.32

49.45 48.78 21.11a

94.3 69.9 —

Average @ mlarity

n+, ml,,

IF, % of initial

m.erhdsin OnMrmate
Tmk 10-1-10

VOIW, L

W tmlurity in qles

81.20 73.C8

74.0 A9.8

16.8 14.5 21.7

0.44
0.44

0.45

17..47

16.8

27.5

0.26
0.26

0.26

7.15

12.1

27.0 ~.8b _

0.11 o.21b
0.11 o.z.lb

0.11 o,zlb

2.97 5.@ —

5.7 10.1 —

1.7
1.7

0.57
0.57

Average @ ml.wit y 1.7

28.36

26.0

0.57

8.27

10.2

W, roles

P, % of initial

103 102 95.8 103 110 —

a. rnles of Fonric kid _ (2.62) (23.4)
ml,. “f tr~w~-( 48.78- 21.11) “ 2.22

b. c.zcriensate fmm the fifth stripping w mt pped UJt of Tmk 10-1-10 before receipt of oxdmsate frm the sixth

strim.itw. Ihe WIUIE .m4 P cmte.t of cmdmmte frm the sixth stripping em therefme calculated fmn the total,
..1- of cmfmaate frcm tie fifth axi sixth striwing. (52.8 L) d ~ cmcentrati’.m m?asured in w smples (0.lfM

O.lM) of his c.mbined sol.tim.
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TAELE D-2

Run 2 Evaporation, Steam Stripping, and Denigration

After

% EvWrat i~

After Steen Stripping
First Secomi.—

After Dmitrat im
with 2.55L Of

23.4utiJXM

S2ttarein 10-1-EE)zvqatlx

VAme, L

W nularity in tz#es

Average ~ trolarity

H+, ml.,

~, % of initial

Wt3dm4sin Ca8kwate
Tank 10-1-10

Volune, L

~ nnlarity in sapien

Average 1# rmlarit y

H+, ml,,

W, % of iniLial

)lateriaz E02m

S9&edmfl. %

52 6.75

2.64 13.02
2.64 13.03

2.f4 13.05

132.CXIS9.09

ml 65.3

10.4 10.4

6.12 4.61
6.12 4.61

6.12 4.61

63.6 47.94

69.9 87.1

— 61.6

— 0.76
— 0.76

— 0.76

— 46.82

— 34.7

32.3 33.9

0.8% 0.21
o.se6 0.21

0.691 0.21

2s.78 7.12

31.1 12.9

— 102 105 S6.6

a. f.!desof Formic kid (2.55)(23.4)
l.blesof~ ~w~ = (47.94- 18.43)= ‘m
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TASLE D-3

Run 3 EvapOIatiOn, Steam Stripping,,and Denigration

After Iknitratica
Aftel’ After Stem Stri~img with2.545L of

- ~+rati~ w s 23.4MlnJm

ECU(IMin 10-1+2Evqatlx

Volum, L

P nolarity in simple.

Average * nvlarity

s+, roles

W, Z of initial

~- nularity
,“ S&qlles

Average ~-
uolarity

~-, moles

fq-, .%of initial

krhed9in Qdfmsate
T* 1*1-10

Vohm?,L

@ rmlarityin~les

Averege~ .wlarity

P, moles

F, X of initial

?Uj-nmlarity
in 6m@es

Average~- nularity

t03-,rmlea

q-, Z of initial

ikterialSn2Qce,%

Basedmti

S.98edm W-

%

2.69
2.69

2.69

134.5

lal

7.5 10.25 9.75 9.75

2.15
2.15

2.15

iu.%a

12.40
12.55

5.27
5.29

4.85
4.85

12.475

93. %

71.0

5.28

%.12

57.8

4.85

47.29

87.0 —

Mb

w
W
NA

4.77
4.77

4.2S
4.28

0.50
0.83

0.665

6.4SC

—

4.77

48.S9

62.0

4.28

41.73

%.0

61.6 31.6 35.2—

—
—

—

—

—

—

0.66
0.%

0.62

3S.19

29.0

1.26
1.24

1.25

39.5

42.2

0.23
O.’al

0.20

7.(M

13.0

—
—

—

—

W
i-u

0.95
0.95

0.05
0.05

—
—

—

—

—

—
—

0.95

33.02

3s.0

0.05

1.76

4.0

—

—

—

—97.6 lCKI

S!+.3

lal

E9.o

—

—

a. ridesof ~mic kid (2.5$5)(23.4)= 2.26
Me. Of~ ~v~ - @7 .27- Z3.%T

b. M = ti mwdyzed.

c. Me. of Formickid - (2.%5)(23.4)~ ~.69
M31esof t?33 rec’lw=3eJ .-.
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TASLE D+

Run 4A Evaporation, Steam Stripping, and Denigration

R3ttam in lo-la RtqOratox

Volmt? , L

ii+ mlarity tn S3n@.?s

Average # mbrity

8+, roles

H+,% of tnittal

~-wy

Average !+33- rdarity

l-q-, W2es

~-, % of initial

M* KdaI-ity
in .9mpLas

melh?dsin~
W 1*1-10

Vohms, L

n+ molaritytnsmpzes

Averaw# clarity

s+,Wles

H+,% of Znttial

~- rdarity
in wles

Average ~- d,arfty

q-, U02es

@-, % of inltiaz

N& nrmrtty

in smples

After

Evapx’aticr?

7.05

12.34
12.18

12.26

86.43

66.2

11.65
11.%

11.835

83.23

NA
N4

59.7

0.738
0.743

0.7405

44.21

?3.8

NA
NA

UX1O-6
ado-f’

titer stem Stricmid
Nrst 8eoxd mkd Fcmrth—— ——

7.85 8.0

5.17 4.35
5.17 4.35

5.17 4.35

43.53 34.83

44.1 83.3

6.18 5.28
6.o5 5.35

6.115 5.315

48SXI 42.52

44.1 84.9

0.225 0.24
0.225 0.24

33.3 34.2

0.869 0.204
0.869 0.2U5

o.&J9 0.2345

51.53 6.99

55.9 16.7

0.975 0.214
0.918 0.228

0.94650.221

%.13 7.%

53.9 15.1

lof axm+

N) OX1O-6

7.75 7.75

3.82 3.64
3.85 3.38

3.40
3.2a

3.835 3.45

29.72 26.74

86.8 &3.8

3.40 4.67
~d 4.54

4.51
3.95

3.43 4.418

2b.35 34.19

85.9 81.2

0.24 0.22
0.23 0.21

0.25
0.23

34.6 33.6

0.133 0.09
0.129 0.11

0.131 0.10

4.53 3.3

13.2 11.2

0.12 0.267
0.13 0.237

0.125 0.252

4.33 7.%

14.1 18.8

After Lknitmticm
with1.07L of
23.4MH~

7.35

2.18
2.19
2.20
2.B

2.192

16.llc

Z.cm
2.03
3.10
3.10

2.59

19.03e

0.25
0.25
i-w
W

—

—

—

w Z.MO-5 —
~xIo-6 Z.WO-5 —
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TAELE o-4 (Cent’d)

AfterDenitraticm
After After Stem Strippin& with 1.07 L of

LWporat icna __gFirst Seccmd Fcurth 23AM MXIX

ha MUX, %

Sasedmfl 99.7 107 103 90.4 101 —

Sa6edm~- 93.0 125 104 72.2 162 —

a. Original mkmp data mavailable.

b. Water foreteanstrippingwassidedthrcqhspnredip leg #SP%W, tiich WS to the bttnn of

the Waprator, rather tlum 63 usual thrcm@ the GU seal FOt #65, tiich is 5 irrfws dwrter.

c.

d.

e.

Mles of Fomic Acid (1.07)(23.4) - ~.%
Mles ofH’ OECcqoaed= (26.74- 16.11)

w - d malyzed.

!iiesof Fotic kid (1.07)(33.4)
Mea of~- kmpose.f “ (34.29- 19.03)- l“@

f. W - n.X&tected.
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TAELE O-5

Run 4B Second Denitration

Bottoms in 1O-1-8E Evaporator

Volume, L

H+ molarity in samples

Average H+ molarity

H+, moles

Noj- molarity

in samples

Average N0.3- molarity

N03-, moles

Nd3+ molarity
in samples

After Evaporation,
Steam Stripping, and

First Denigration

7.08

2.26
2.24
2.25
2.20

2.238

15.84

~Ac

NA
3.1
3.0

3.05

21.59

0.26
0.26
NA
NA

a. omitted from average.

b. Moles of Formic Acid (0.475)(23.4)
Moles of H’ Decomposed= (15,84- 12.32)- 3.16

c. NA - not analyzed.

d. Molesof FormicAcid _ (0.475)(23.4) = 3 08
Moles of NO?-Decomposed- (21.59- 17.9S) .

After Second

Denigration
with 0.475 L

of 23.4M HCOOH

9.08

1.53a

1.37
1.35
1.35

1.357

lz.32b

NA
NA
2.0
1.96

1.9s

17.98d

0.22
0.22
NA
NA
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TABLE D-6

Run 5 Evaporation, steam Stripping, and Demicratiom

titer
Evqxxat im

After t?e.i traL km
titer Stesn Strwpirg

_ lhird

with 1.75 L of
First *ad Fcurth 23.4M -!!K?!&

Z.xtcm in 10-1-E3 Evapmt.

VO1ure>L

6 mkity in s@es

59,0

Z.@
2.%

—

-9,L

11.82
11,03

7.85

5.33
5.33
—

5.33

41. %

48,8

6.11
6,22

8,35

4.11
14.11

8,15

3.53
3.57

8,25

3.11
3.13

9.5

1.0?
1.B
1.11
1,11

Average 6 nularity

H+, ml,,

V, Z of in;tial

Q- mlartty
in Samles

2.77

163.43

103

11.425

107.42

70,8

6,11

Y+.32

79,2

lb,95
5,CE

3.55

28.93

87,0

4.48
k.%

3,12

25.74

93,9

1.10

10.45a

Mb

M

—

9,68
12.58

4.26
4.24

1.CC
1.82
1,%
1.%

.4v.rage ~- mkicy

w.- , lmles

~-, %of initial

N43+ mlarity
in smples

— 11.13

10!!.62

69.9

6.165

48.40

@3,4

0.24
0.2?

5,@35

41.79

77,4

0.23
0.22
—

4.49

35,59

S4.6

0.23
0,23

4.25

35,C6

1,645

15.63C

O.m
0.C4

—

0.?0
0.31

0.21
O.M

0.22
0.23
0,18
0.18

—incu&Mate
Tmk 10-1-10

Vole> L

P mlarity
in s-mples

Average n+ Imlarity

H+, nwles

H+, % of initial

~- mlar;ty
in saple.

Average Q- mlaricy

p-, Ilules

q-, % of initial

ti3+ mlarity
in qles

52.0 33.0

1.27
1.39

1.33

43.89

51.2

1,39
1.74

1.%5

51.65

51.6

MO

0,16
0.37

0.265

9,01

33.8

0,413
O.m

0,3595

12.22

22.6

37.5

0.16
0.07

0.115

4.31

13,0

0.2M
0.130

0.178

6,6$

15.4

32,2

0.’?0
0,’11

0.85

44,20

29.2

0,09
0.07

0.075

2.57

9,1

—
-— —

—

—

—

—

—

—

0.869
0,862

0,8655

45.01

33.1

M
i-w

—
.—

—
—

—

—

—

—

0x30+ <7x10+ <7x10+ %10-5 —
<7X10+ 4. MO-5 m *,~-5 —

69 -



TABLE D-6 (CO”t ‘d)

After

E&e ~wrat i~

Material Balamx,Z

Ba.@mli+ — 92.8

MsedmNq- — —

,. ..., . .
a.

b,

c.

d.

NA = W analyzed

rolesof Fmnic kid (1.75) (23,4)
voles of ~- kcqo~ = (35,(6 - 15,63) = 2.11

PO = not detected

TAELE D-7

After Cenitrat km
After Stean Strippirg with 1,75 Lof

———=First Seccd E 23,4M WXli

79.8 KM %.9 97.8

95.6 112 IN —

Run 6 Denigration Without Evaporation or Steam Stripping

After Flushing
into Evaporator After Denigration
with two 1 .5-L with 1.925 L of

!!S!!EW Portions of H70 23. 4M HCOOH

Solution Volume, L 7.0 9.88 10.25

H+ umlarity in samples — 3.90 1.93
— 3.90 1.93
————.—.. 1.82
—— 1.84

Average H+ molarity 5.81a 3.90 1.875

H+, moles 40.67b 38.53 19.27C

N03- ❑ml.sri :y in samples _ 4.61 2.48
— 4.64 2.44

2.29
2.37

Average N03- molarity 6.48a 4.625 2.395

N03-, moles 45.36b 45.70 z4.55b

Nd3+ molarity in samples o.z8b 0.20 0.17
0.20 0.17

—— 0.20
— 0.17

a. Average of two samplea, individual analyses not shown.

b. Prepared to contain 40.00 moles of H+, 46 moles of N03-, and 2 moles
of Nd3+ i“ 7 liters.

c. Moles of Formic Acid (1.925) (23.4) = z 34
Moles of H+ Decomposed = (38.53 - 19.27) .

d. Moles of Formic Acid . (1.925) (23.4)
Mo l~S of N03- Decomposed (45.70 - 24.55) = 2.13
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APPENDIX E

Feed Compositions for RIx-I Column Chemical Runs

Table E-1 shows the quantities of reagents for each column run

which were dissolved in 6 liters of deionized water, diluted to a

final volume of 10 liters with deionized water, and added to the

RIX-I Feed Tank (EP 1O-3-I) . After mixing and sampling for analysis

(Table E-2), each solution was displaced by deionized water into the

four-inch column.

TABLE E-1

Feed Hake-Up for RIX-I CoIumn Runs 1 and 2

Lanthanides to

SimulaLe Actinides

Dysprosium Nitrate
[DY(N03)3.5H201

Terbium Nitrate

[Tb(NO~)~.6H20)

Gadolinium Nitrate

[Gd(N03)3.6H20]

E.ropi.m Nitrate

[EU(N03)3.6H201

Samarium Nitrate
[Sm(N03)36H20]

Neodymium Nitrate

[Nd(N03)~.6H~O]

Total

a. Per 10 liters.

For Run 1 For Run 2

Inole,gramsa a - _=moles

351

362

271

89

356

351

1780

0.800

0.799

0.600

0.200

0.800

0.801

4.000

219

226

169

56

223

219

1112

0.499

0.499

0.374

0.126

0.502

0.500

2.500
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TASLEE-2

Analysi@of Feed Solutions for RIX-I Coltmu Runs 1 and 2

Concentrateion of Rare Earth, gramsiliter

For Run 1 For Run 2

Lanthanide By Analysis By Make-Up By Analyaie By Make-U~

Dysprosium 13.25 13.01 8.75 8.11

Terbium 9.40 12,69 0.65 7.92

Gadolinim 8.5o 9.44 4.25 5.89

Europium 3.18 3.03 1.62 1.91

Samarium 10.76 12,04 7.90 7.5’!4

Neodymim 10.50 11.55 7.50 7.21

Total 55.53 61.76 30.67 38.5S
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APPENDIX F

Displacement Chromatography Run 1 and 2

Tables F-1 and F-2 list the results of the two displace-
ment chromatography tests of the RIX-I columns. Nonradio-
active lanthanides were used to simulate the separation of

actinides and fission-product lanthanides by the columns.

TAELE F-1

Analy8ia of Effluent frm RIX-I COILUUM During Run 1

Volume of
Accumulated
Effluent
from One-Inch
Column, L

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Concentration, grams/liter, in One-Liter
Composite Samplesa

Gd SmLQL L.. —Nd

NA

N&

NA

NA

ND

ND

No

0.10

10.80

8.70

9.50

10.30

6.60

6.8o

9.00

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

ND NA NA

0.15 NA NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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.

.

TA3JLIJF-1 (Cent ‘d)

Volume of

Accumulated

Effluent
from One-Inch

Column, L

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Concentration, gramsl liter, in One-Liter
Composite Samplesa

LLL < Sm Nd——

6.00

5.55

5.00

4.35

3.30

3.00

2,85

2.00

1.00

0.40

0.16

0.05

0.04

ND

ND

ND

ND

ND

No

ND

ND

No

0.30 NA

0.63 NA

2,80 NA

2.90 NA

4.50 NA

3.80 NA

4.20 NA

4.6o ND

6.10 ND

5.8o ND

6.00 ND

6.60 ND

5.80 ND

8.3o ND

6.20 ND

6.4o ND

6.10 ND

4.15 0.43

0.30 0.77

ND 1.50

ND 1.56

No 1.50

NA

NA

NA

NA

NA

NA

NA

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

0.65

3.20

2.80

2.75

2.90

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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TABLE F-1 (Cent ‘d)

Volume of

Accumulated
Effluent Concentration, gramslliter, in One-Liter
from One-Inch
Column, L

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Composite Samplesa
____~~Eu Gd Nd

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

1.50

1.54

1.50

1.54

1.40

1.50

1.54

1.52

1.00

0.009

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

2.80

2.60

3.40

3.15

3.00

2.60

2.70

2.80

2.10

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

5.8o

5.8o

6.5o

7.40

6.OO

5.00

5.80

5.8o

5.6o

5.40

5.40

5.00

5.00

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

ND

-75-



TABLI!F-1 (Cent‘d)

Volumeof
ACCUIUUlated
Effluent Concentration, grams/liter, in One-Liter
from One-Inch Composite Samplesa

Column, L LLL > SUl Nd——

59

60

61

62

63

64

65

66

67

6.9

69

70

71

72

73

74

75

76

71

78

NA Nll

NA ND

NA ND

NA ND

NA ND

NA ND

NA ND

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

M NA

5A NA

ND ND

ND ND

ND ND

ND ND

ND ND

ND ND

ND ND

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

5.00

2.80

ND

ND

ND

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

a. NA = sample not analyzed for this lanthanide.
ND - Ianthanide not detected in this sample.

-“76 -

ND

1.20

11,00

4.90

5.00

4.90

6.60

5.30

5.90

6.10

5.90

6.40

5.30

5.50

5,00

5.00

7.80

2.00

0.48

ND

.



TASLE F-2

Analysic of Effluent from EIX-1 Colss During ha 2

Volume of
Accumulated
Effluent
from One-Inch

Column, L

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

13

24

25

26

27

Concentration, grams/liter, in One-Liter

Composite Samplisa
GdLLL—. .Sm Nd

NA

NA

NA

NA

NA

ND

ND

ND

ND

2.S6

5.24

5.24

5.2s

5.2S

4.92

4,92

4.52

2.S4

2.20

0.51

0,022

0.019

No

ND

ND

ND

NA 6.15 ND

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

ND NA

0.13 NA

0.25 NA

0.S4 NA

2.4o NA

5.95 NA

5.96 NA

5.90 NO

5.40 ND

5.40 ND

5.40 ND

6.2o ND

6.2o ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

ND

ND

No

ND

No

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
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TASLEF-2 (Cent‘d)

Volune of
Accumulated
Effluent
from One-Inch
Column, L

28

29

30

31

32

33

3’4

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

concentration, gramS/ liter, in one-Liter
Composite Samplesa

LLL. — —Gd Sm Nd

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

5.40

0.70

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

NA

NA

NA

0.0385

1.10

1.29

1.33

1.36

1.36

1.36

1.3s

1.356

1.356

1.388

1.416

0.364

ND

No

ND

ND

ND

No

NA

NA

NA

NA

NA

NA

NA

ND

3.96

4.065

3.98

3.25

3.79

3.13

4.27

3.90

3.07

3.06

3.715

ND

ND

ND

ND

ND

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA NA

NA NA

NA NA

NA NA

NA NA

NA NA

ND NA

ND NA

No NA

No NA

ND NA

ND NA

3.S0 NA

4.015 NA

5.05 NA

4.90 NA

5.00 NA

5.00 NA

5.00 No

5.005 ND

5<015 ND

4.82 ND

4.75 0.232

0.28 3.25

ND 3.35

ND 4.75
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TASLEF-2 (Cent’d)

Volume of
Accumulated

Effluent Concentration, grarnsfliter, in One-Liter

from One-Inch Composite Samplesa

Column, L Cd SmLLL. — —Nd

54 NA NA NA NA ND 4.75

55 NA NA NA NA ND 4.60

56 NA NA NA NA NA 4.15

57 NA NA NA NA NA 4.30

5s NA NA NA NA NA 3.50

59 NA NA NA NA NA 4.35

60 NA N& NA NA NA 4.35

61 NA NA NA NA NA 2.58

62 NA NA NA NA NA 1.17

63 NA NA NA NA NA 0.36

a, NA - sample not analyzed for thin lanthanide.
ND - Lanthanide not detected in this sample.
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